Of 41 patients with hemiparesis and associated functional deficits requiring inpatient rehabilitation a mean of 8 weeks post unilateral hemispheric stroke, 17 (41%) had evidence of pain, edema, and vasomotor changes in the affected upper extremity. These 17 patients met criteria for stage I of the shoulder-hand syndrome (SHS). The prevalence of SHS in patients with hemiplegia without proprioceptive deficit or visual neglect was 7%, whereas it was present in 61% of patients with hemiplegia plus impaired proprioception and visual neglect. The prevalence of SHS in our population is considerably higher than that reported from previous retrospective studies. Such studies have not used quantitative assessment of pain, edema, and vasomotor dysfunction to establish the diagnosis. We conclude that SHS is a common rehabilitation problem during the subacute phase post stroke. It occurs despite currently available techniques for supporting and exercising the affected limb. From our data it is apparent that weakness is a necessary but not sufficient cause of SHS post stroke. Impaired hemispatial awareness or cognitive impairment must also be present affecting the patient's ability to position, protect, and exercise the affected limb. Reproducible measures of pain, edema and vasomotor dysfunction exist and should be used to develop more effective techniques for SHS prophylaxis and treatment.
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: Retrospective studies have shown the prevalence ' of the shoulder-hand syndrome (SHS) in a rehabilitation setting during the subacute phase post stroke Ito be from 5-12% (1, 2) . We have found only one prospective study (3) . It showed a prevalence of 50% in this population. Our experience indicates that this latter figure is the more accurate.
The prevailing opinion is that SHS is preventable, and that its development implies some inattention to shoulder support or improper manipulation by the therapy team (4). This negative implication has perhaps been responsible for the relative absence of prospective studies concerning the prevalence of this problem in the rehabilitation setting.
Another problem which has impeded careful study is the fact that SHS is an evolving syndrome. Three stages of development are recognized, each of 3-6 months duration describing its evolution from a flaccid mobile shoulder with pain, evidence of vasomotor dysfunction, and hand edema to the final stage with frozen shoulder, finger contractures, skin atrophy and Sudex atrophy of bone (5) . It is not known what percentage of patients with stage I will advance to stage II or III. The prevalence of SHS would be expected to vary with the time interval post stroke, the extent of stroke-related functional deficits, and the severity of signs and symptoms required by the investigators to define &dquo;significant&dquo; pain, edema, and vasomotor dysfunction.
The purpose of the present study was to assess the prevalence of SHS in an inpatient stroke rehabilitation population and to define any relevant neurologic or medical features associated with its occurrence. We also wished to standardize our assessment techniques for pain, edema, and vasomotor dysfunction to better assess patient response to treatment options.
Methods
The study population consisted of 41 patients with unilateral hemispheric strokes participating in an inpatient stroke rehabilitation program. The diagnosis of stroke was based on the clinical history, neurologic examination, and a computed tomography (CT) head scan in each case. All patients were transferred directly from acute-care hospitals in which they received &dquo;standard post stroke support and range of motion exercises.&dquo; Patients were assessed a mean of 2 weeks after admission to the rehabilitation unit.
None of the patients had a prior history of significant shoulder-hand pain. None had evidence of brachial plexus injury, or anatomic abnormality of the shoulder other than shoulder subluxation associated with upper extremity weakness.
The diagnosis of SHS was based on the absence of other definable cause for the patient's shoulderhand pain and the presence of pain, edema, and vasomotor abnormalities as defined below. All patients with SHS were in stage I of syndrome evolution as described by Steinbrocker et al. and met criteria for definite or probable SHS as defined by Kozin et al. (5, 6) (Table 1) .
Patients were assessed for the presence of pain based on an observer-rated scale of verbal report or facial-wince response to passive movement at the fingers, wrist, and shoulders. The fingers were moved from flexion through 3° hyperextension at the MP/ .. PIP joints. This maneuver was performed three times; the apparent pain response was then scored on a 0-3 scale, with 0 being no apparent pain, 1 indicating pain with end-range only, 2 indicating pain with mid range, and 3 indicating that the patient would allow little or no movement of the PIP-MP joints. A similar Table 1 . Definition of shoulder-hand syndrome (SHS). A syndrome characterized by the following clinical features developing at the shoulder, wrist, and hand, not due to primary bone, soft tissue, or brachial plexus dysfunction 0-3 scoring system was used to assess wrist flexionextension, and shoulder abduction to 95°. The maximum pain score possible for the PIP-MP joints, wrist, and shoulder was 9, the sum of the three assessments.
The inter-rater reliability coefficient for two raters rating the same 10 patients in random order was 0.88, p < 0.001. The test-retest reliability for the same rater rating 10 patients again after 24 h was 0.89, p < 0.001. We chose this observer rated pain scale because it was easier to administer and slightly more reproducible in our stroke population than a similarly standardized visual analog pain scale. Hand edema was assessed using a water displacement volume measurement technique previously described (7, 8) . Using this technique we found that normal older volunteers had a mean of 4.6 ± 2.7% (SEM) larger volume for their dominant versus nondominant hands. We therefore set our criteria for calling edema in a paretic dominant hand when it was 8% or larger in volume (95% confidence interval) than the unaffected hand. One must correct for the normal difference in hand volume when assessing edema in a paretic nondominant hand: Estimated percent of nondominant paretic-hand edema
Edema was said to be present if the estimated percent of nondominant paretic-hand edema was 8% or larger. Using these criteria each of 10 elderly controls were correctly identified as normal.
Evidence of autonomic dysfunction was assessed by measuring skin temperature and assessing skin appearance. A skin surface thermometer was placed at SAGE Publications on December 7, 2012 nnr.sagepub.com Downloaded from between the fingerweb of the second and third fingers of both hands. A skin temperature difference greater than 1.5°C was considered abnormal, exceeding the difference seen in any of our 10 older volunteers.
Evidence of vasomotor dysfunction was said to be present if the skin of the affected hand was &dquo;pale, pink, or purple&dquo; compared with the unaffected hand ( Fig. 1 ).
Patients were assessed by the participating neurologist on entry into the rehabilitation program. The mental status questionnaire (MSQ) of Kahn et al. was used to assess orientation and memory (9) . Visual fields were assessed by confrontation visual field testing at the bedside. Patients with either an homonymous hemianopsia or visual neglect to double simultaneous stimulation were scored as showing visual neglect. Wrist extension was assessed using a 0-5 scale, with 0 representing no perceptible movement. A score of 3 represented the ability to move the joint against gravity. A score of 5 represented normal strength. Position sensation was assessed by having the patient localize the affected limb in space with his unaffected limb with eyes occluded. The limb was displaced by the examiner into all four spatial quadrants. The mean error in localizing the affected limb was measured in centimeters. A 15 cm or greater error was said to show significant limb placement dysfunction.
The Barthel ADL-Mobility Scale was used to assess the patient's functional status and was scored by therapy staff unaware of the pain, edema, and vasomotor scores (10) .
The location of the stroke was assessed by CT head scan films compared to a reference CT scan atlas as 'T~1~~~ 2. Upper extremity evaluation in 41 randomly selected in-patients a mean of 7.8 :t ,~ SD weeks post stroke described by Matsui and Hirano (11) . Lesion size was determined by planimetric measurement of the lesion using an Apple Graphics Tablet. A ratio of the lesion size to maximum intracranial area was calculated. Calculation of this ratio of lesion size to maximum intracranial area allowed for comparison of lesion size from one CT imaging laboratory to another. This technique corrects for variation in magnification with different CT imaging systems. The patient's medical status was assessed in order to define factors that might be related to the development of hand edema. Serum albumin was used as a marker for plasma oncotic pressure. Serum sodium and urine specific gravity were used as markers for inappropriate ADH secretion. Renal function was assessed by using blood urea nitrogen and creatinine determinations. The presence of congestive heart failure was assessed by standard PA chest film radiograph. A cardiothoracic ratio less than was scored as normal; a cardiothoracic ratio greater than ) was scored as abnormal.
Statistical analysis consisted of Student's t test for continuous variables, Wilcoxon rank sum test for ordinal data, and chi-square analysis for dichotomous variables. Test-retest and inter-rater reliability were assessed by computing Pearson product moment correlation coefficients. Table 2 shows the prevalence of pain, hand edema, and vasomotor changes in our patients, All three components required for the diagnosis of SHS (stage I) were present in 17 (419£o), Our exclusion criteria served to eliminate other diagnostic possibilities. Table 3 shows that age, sex, side of lesion, and interval post stroke did not distinguish wit SHS from those without. The degree of upper extremity weakness, proprioception deficit, and visual neglect were all significantly related to the presence of SHS. The presence of cognitive impairment as judged by an MSQ score :5 7 showed a tendency to be more prevalent in the SHS group but did not reach statistical significance. The Barthel ADL-Mobility score was significantly worse for patients with SHS. Table 4 demonstrates that the clinical parameters studied showed no evidence of a generalized fluid retention syndrome as might occur with lowered plasma oncotic pressure, abnormal ADH secretion, renal impairment, or congestive heart failure. The use of diuretics was also the same for both groups (not shown in Table 4 ).
Results
CT head scan assessment of lesion size and location was not related to the presence or absence of SHS.
Discussion
Admission criteria vary from one stroke rehabilitation unit to another. We found the overall prevalence of SHS (stage I) in our population to be 41%. Among patients with hemiplegia without proprioception deficit or visual neglect, the prevalence of SHS was 7%. Those with hemiplegia plus proprioceptive deficit but without visual neglect had a prevalence of 50%. The prevalence rose to 61°lo for pa-. tients with hemiplegia plus propioceptive deficit and visual neglect. The mean Barthel score for our patient population was 46 ± 3 (SEM). Patients with SHS had a mean Barthel score of 38 ± 5 (SEM) versus 51 ± 3 (SEM), p < 0.05 for those without SHS. Stroke rehabilitation units with a different mixture of patients .will probably have a different prevalence of SHS, which will vary with the extent of neurologic deficit and severity of functional impairment. Our SHS prevalence data would be higher or lower depending on the definition of what constitutes &dquo;significant&dquo; pain, edema, and vasomotor dysfunction. Most previous studies have used the criteria &dquo;pain significant enough to interfere with program&dquo; (1, 2, 4, 5, 12) . Our interpretation of this is that their patients had moderate to severe pain with midrange movement or less, corresponding to a score of 6 or greater on our scale. Our scale required a pain score of 2 or greater in order to meet criteria for significant pain. We chose this cutoff for significant pain because of our inter-rater reliability data. If either rater scored the patient as &dquo;2,&dquo; the second rater also scored the patient as having pain, though the magnitude of the pain score tended to vary within the limits of the inter-rater correlation coefficient data presented earlier. One of our objectives in setting our diagnostic criteria for SHS was to detect its development early in its course. We also wished to have a scale without significant &dquo;floor&dquo; or &dquo;ceiling&dquo; effect in order to assess the effect of different therapy techniques on prophylaxis and treatment. All our objectives were served by setting our criteria so that we could diagnose SHS early in its course at a time when treatment intervention should be most effective.
All of our patients were transferred directly from acute-care hospitals in the metropolitan New York City area. It is assumed that patients were provided state-of-the art acute stroke care with adequate attention to patient positioning and limb support. All patients were receiving daily physical therapy, and most were receiving occupational therapy at the acute-care hospital before transfer to our rehabilitation unit. Our occupational therapist was respon- Table 4 . Fluid-electrolyte parameters in the study population sible for providing a suitable wheelchair-based shoulder support system consisting of either lap board or arm trough. Patients were taught and supervised in performing self-range of motion shoulder-hand exercises. Family members were also instructed in this technique and were encouraged to work with the patient outside of regular program hours. Patients not responding to the above measures were fitted with a Bobath hemiplegic cuff sling or &dquo;figure eight&dquo; clavicular strap to provide additional shoulder support. Patients with hand edema were fitted with a foam wedge for the wheelchair-based shoulder-hand support system. If edema persisted, the patient was given an Isotoner glove. Nonsteroidal antiinflammatory agents were given orally for patients with pain scores of 3 or greater. A course of prednisone 40 mg orally each day tapered over 2 weeks was used for more symptomatic patients with pain scores of 6 or greater. We have not advocated stellate ganglion blocks for our stroke patients, although this is recommended by some.
Our prevalence data reflect a cross-sectional survey of our inpatient stroke population. The assessment took place a mean of 8 weeks post stroke, and a mean of 2 weeks after admission to the rehabilitation unit. It should be stressed that 41% of our patients developed SHS despite state-of-the art care during both the acute-hospital phase and the subsequent rehabilitation hospital phase of their illness. These were not neglected patients. The techniques available for prophylaxis and treatment of SHS are simply inadequate for patients with impaired proprioception, visual neglect, or cognitive impairment.
Weakness is the necessary but not sufficient cause for the development of SHS post stroke. Impaired limb proprioception, visual neglect, or cognitive impairment must also be present affecting the patient's ability to position, protect, and exercise the affected limb. When such deficits are present, the weakened limb is often seen improperly positioned regardless of the shoulder-hand support system used. These patients must rely on others for monitoring limb motion and support. Unless the patient has a-constant attendant, optimal care is not possible. The role of sensory impairment in the development of SHS has been noted by others (1) (2) (3) (4) 12) . When planning our testing techniques, we expected performance on the limb localization task to be more related to the development of SHS than the presence of visual neglect. The prevalance of both were es-sentially the same in patients with SHS. The presence of impaired corporeal versus extracorporeal spatial awareness does not seem to differentially affect the patient's risk of developing SHS.
We have demonstrated that reproducible measures of pain, edema, and vasomotor dysfunction exist and can be used to study the prevalence of SHS after stroke. These same techniques can be used to assess the value of alternative prophylactic and therapeutic interventions. The low prevalence of SHS in patients with hemiplegia without sensory deficits (7%) is encouraging. The high prevalence (61%) of SHS in patients with hemiplegia, proprioceptive sensory deficit, and visual neglect indicates that more effective treatment regimens are needed for this subpopulation of stroke patients.
